NASA TECHNICAL 
MEMORANDUM 

NASA TM-82389 

SPACE SHUTTLE SOLID ROCKET BOOSTER 
RECOVERY SUBSYSTEM 

Kfll-U'J’JO 
Uiicidti 


By Roy E. Runkle 

Structures and Propulsion Laboratory 
January 1981 

NASA 

George C Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 



Si*ACli SliU'i'i'Lh SOLID IvOCKH'I 
UOOSXtli fiiiCUVKBX SUCSYSTlifl (NASA) 17 u 
lit A02/« A01 




MHFC • Porin SI90 (Hi^v Jim« 1971) 


TAIU.K OV CONTENT 


INTUOnUCTION 

TllADH STIJDIKS 

DliSClUPTION OV SYSTEM 

RKCOVmiY SYSTHM IMIYSICAf. AUUAN(5KMKNT 

SUnSYSTliM TliSTINd 

SUMMARY 


PRECEDING PAGE BLANK NOT 



Hguro 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


LIST OV U.LllSTUATIONS 
Titlo 

Solid Uacjkot riooHtor (SHH) Rooovory Syfltom 

SRW Recovery 

Mein poruchute Hopiu’fition nutw and tow pendant.. 

Planned tost objoctivos matrix 

SRB decelcrator subsystem major test proivrum . . . . 

B52 drop aircraft with drop test vehicle 

Development air drop No. 


PniJfo 

2 

4 

5 

7 

8 

n 

12 


Iv 


f 


TKtMINU'Al, Mi:Mt)HAN|)llM 


SPACE SHUTTLE SOLID ROCKET BOOSltR 
RECOVERY SU8SYSTEIV1 

iNTuomurnoN 


The Space Shuttle ,TrmiHi>oj‘talitu» system Is composotl of three main 
elements; the orhiter; an extcu-mil tank (1:T). which trtmtalns propellant 
used hy the orbiter's main enj»iues; and two Solid Uoektd H<xjsters (SltU's). 
The tu'biter and the SUh’s am' reuseable, while the KT is discarded on 
each flight. 


At liftoff, the two Situ motors and the orbiter's main euffines fire 
simultaneously, to prodiuai sufficient thrust to escape the Karth’s ^»Tavi' 
tational pull. At approximately irjO.OOO ft. the two SHll's, their fuel 
expemled, are ejetdcal. I.ab'r In the launch sei|ue;iee. the eaipty KT is 
also ejeiited. These two <*vt'uts alk)w the orbiter's main engines to push 
the orl)ilor into IJartli orbit and aea>mplish its inlenued mlsston. 

This report ileals speeifUadly with the recovery subsysteat on the 
suit's. The final SUi) recovery seijuenee is shown in Pigure 1. 


TUAi)i': sthdips 


Peeause the Stilt stnu'tui'al (k'si)>'a \v;js to he complete Indore the 
Iteeovery Siib.'tystem eoatrai-t was let, mmu'i'otis tietalled trade studies were 
required to pro|M'rly defini' the re(|uired strm'tural interfaces and to arrive 
at the most eeonomh'ai and reliable final desinn for the SUP recovery sub- 
systenK These trade studies w<>ri' eomiueled in the time iH'riod. 

Sonu' of their results wen' llu- final d('t<'r'>unation of tlu' HPP termtnal velocity, 
the re»pdre<l numln'r and si/,i' of main parachutes, the required size uf the 
droipie parachute, the paraehuti' reelinji slafics, the stnieture interface defini- 
tion, deployment sequence, and llu’ n’cewery sulisyslem weitthl. Two impor- 
tant results «)f these early tratli' studies were as follows; (i) U l,s eeonoudeally 
;tdvantaite«iuH to retrieve and refiirliisli the paiuehutes and tlu' frustum structure 
since tiu' SUP retrieval vessels will In' ii\ tiu' vicinity dui'lnn; SUP retrieval 
operations; and (IJI thm* main paraelmles, one dronin' iviraeluite and one 
pih>t t»araehute wen' deb'nuined to he (he di'stun that wotdd [;tve the greatest 
flexiliilily to elmii}'ini‘ requln'inenls ami, at tlu* same lime, minind/e complexi- 
ty, Ihert'hy lowerinj; costs and increasiii};' n'liabililv. 




DESCKIPTION UP SYSTEM 


Tho SRn Recovery Syatom provldtm for the nafe i*eturn of the Hpent 
SRR to Earth by docoloratlnp^ tho fullint;^ !^RR to an aoooptable water 
impact velocity (8Q~90 fps). The floatltUK' SRU ease can then bo towed 
back to ehoro and refurbiahod for tiUbHoquent rouao. 

The SRB Recovery Syetom ueea a two-etage baroawltoh that Is armed 
on ascent after tho SRB's have separated from the orbiter/ET, This ' > 

baroswitch fires the nose cap thrusters at 13,000 ft. Tho ejected nose 
cap deploys the 11.5~ft pilot parachute, which in turn deploys tho 54~ft 
droKUO parachute. The drogue parachute orients the SR13 to a "tall first" 
attitude to enable the doploynicnt of the tlu'uo imdn 115 ft parachutes to 
take place. Tho three main parachutes slow the falling SRH to a terminal 
velocity of 85-90 ft per second. 

The second stage of tho baroswitch closes at 6500 ft and fires tho 
linear shaped charge that severs the MO-in. diameter frustum from tho 
SRH. The drogue parachute pulls the frustum away from tho SRI), and 
this same action extracts tho throe main parachutes from the frustum and 
enables them to inflate to their first reefed stage. Both the drogue para- 
chute and the three main parachutes dlsrecf twice (drag area increases) 
to roaeh their final diameter. All parachutes are 20 degree conical ribbon 
construction. 

The main parachutes are released from the SRB ot water impact by 
the pyrotechnic firing of six separation nuts. This sepuration action 
deploys a 50-ft tow pendant which the retrieval vessel uses to tow the 
SUB cose to shore. 

The frustum has flotation that is sufficient to support its weight 
in water, us well as that of tlie drot^uo parachute. In addition, tho 
frustum has a flashing light aiul a radio beacon to aid in its location and 
retrieval. The separated main paraclnUes have flotatit>n bags attached to 
their canopies end sonar pingers are attached to the risers to assist in 
their location and retrieval. 


RECOVERY SYSTEM IMIYSICAI. ARHANtlEMKNT 


The Solid Rocket Booster Recovery System is located in tho forwarti 
end of the SRH. The majority of the components are located in the nose 
cone (consists of nose cap and frustum) as shown in Figure 2. The main 
parachute separation nuts and thi; tow pendant are located on tho forward 
ring of the forward skirt as shown by I'igure II. 
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Figure 2. SRB Soovery Systaa. 




Tho pilot parnoluito pnok 1 h hnutl tnokoU to tho top of tho tl«jj?uo 
hiijv. Tlioao tHoks bi*onk whon tlio ojoototl noao oap pulla tho pilot pnok 
off tho (IroKuo ha^. Tho <U’ok«o P»ok Irt IwUl to tho top of tho fruatum 
by hIx roHtndnlnK atrapa. Thoao alx atrapa torminato Into a oommon loop 
on tho top of ti»o (Iroguo pack. Thia loop ia aovorod by a roofing cutter 
approximately 0.5 aoo after doploymont of tho pilot parachute. Thla cut- 
ting roloasoa tho drogue pack and onabloa tho pilot parachute to deploy 
tho drogue parachute. Tho main cluster (the three nuUn paraenutoa) Is 
contained in the frustum. A metallic Isogrld assembly partitions off tho 
three parachutes Into separatn compartmontH. Tho isogrld aHsembly pro- 
vldos tho structural Interface between the parachute packs and tho frustum 
structure. It also provides support for tho altitude switch assembly. The 
isogrld assembly is roatrained at the top by lil frustum attach fittlnga, 

Tho throe Isogrid divider panels are each roHtrfdned at the buttum by two 
monoball struts. Tho two riser assemblies extending from tho bottom of 
each of the three main pocks terminate at two of six attach fittings on 
tho forward skirt. One riser assembly fitting for each parachute has a 
sonar beacon attached (for ocean retrieval) . and one parachute riser 
assembly on each SRB is attached to the tow pendant doploymont lanyard. 
When tho mains are separated at SKH water impact, the stored energy in 
the riser /parachute system doploya the two pendant. 


SUBSYSTKM TKSTING 


Testing the SRB Recovery system posed some unique problems. 

The 80-plus ton weight of the SRB is the largest weight over recovered 
by parachute. Because this weight exceeds the load-carrying capobllity 
of all drop aircraft, it was decided t.» build an tdr drop teat vehicle which 
would approximate one-third tho weight of tho SRB. This meant that the 
recovery system would bo "Flight Certified" by a development tost pi*ogram 
and Qualiiled by the first six DDT&F tlighta of tho Space Shuttle. A 
rather austcrl budget limited the mmiber of tilr drop tests to six. This 
meant tluP .miltiple objeetivos would have to be aeeoiupiished on each air 
drop. In aldiUon, two rocket sle<i tests wore conducted with the nose 
oap/drogtiC' pilot> section of tho nose cone. These tw«> sled tests were 
usetl to verify the nose cap deployment concept under the two extreme 
SUB reentry attitudes. 

Figure 4 shows the planned test tibjectives for each testing phase. 
Figure 5 reflects the final lest objectives and how they were accompUshed. 
The final test objectives vary slightly from the original objectives. This 
was a result of a dramatic drogtie failure air dinip No. 3. One of the 
two available air drop test vehicles tiial were used on this test was 
destroyed; therefore, it was necessary to "work around" the other test 
vehicle to insure that those tests ptising the greatest risk be eoJuUicted 
last. This scheduling offereil the best insurance that the remaining test 
vehicle would enable tlie Uectwery System parachutes to be flight certified 
on schedule. 


0 



Figure 4. Planned test objectives matrix. 





FiNAL TEST OaJcCTiVES MATRIX 



Figure 5. SRB decelerator subsystem major test program 











HqanuHO of tho llmUoti tlroii woiKlit, It was ImposalUlo to (tot fU^ht 
loaa profUos on tho UroKuo amt main tauvioliMtos. Tho air drop tost 
program was a oompromisi^ of itost and Umo oonsldorationH, Tho paraohutoa 
woi’o doployotl ill ovortost dyiianilo air prossuro oonditions in an attonipt 
to vorlfy structural intugrity of disoroto aroas in tho oanopy, Tho skirt 
aroa of tho drogue paraohuto was struoturally tostod hy aooldont on air 
drop No, ;t whon tho total oanopy was loadoU to falluvo, Tho main para 
ohuto canopy was not Huhjootod to full dosign loads but was cortifiod 
fltght-worthy by analysis, 

A typical air <lrop soonario was as follovisi Pack t.ho paraohutos in 
tho drop tost voliiclo; transport overland, by truck from ICl Centro, 
California to Kdwards Air l•'oroo llawoj load tho drop tost vohiclo on tho 
U-S20 drop air craft; and perform final ohoukout tests. Tho H-52 then 
fllos tho drop test vohiclo to Iho National Parachute Tost Range at Ml 
Centro and drops tho drop tost vohiolo from an altitude of 20,000 ft (Fig. 6). 

A timer actuated ilroguc gun 1‘lres a slug' wlilch deploys a 2' ft vane para- 
chute. Throe aeparalion bolts fire, releasing the cover from the 8 ft 
ribbon extraction parachute. At a prtHletcrmined altitude, throe separa- 
tion nuts release tho tlroi) tost nose cap. The extraction parachute pro- 
vides tho energy tti deploy the flight typo 11. S It ribbon pilot paraehute. 
From tills point on, the program is a flight deployment soquonee; l.e. , 
pilot deploys drogue, frustum is severed from Ump tost vehicle and drogue 
deploys mains, anti the mains then lower the drop test vohiolo to the 
ground. Figure 7 shows the RSS paraohutos and tho drop tost vehicle. 

The drop test vehicle was made strong enough to be I'cusoublc. 

This provided a significant cost savings to the recovery system develop- 
ment program. 


SUMMARY 


The Space Shuttle Solitl Rocket Hoostor Recovery Subsystem defini- 
tion evolved from very detailed trade stvulios with firm guidelines regartl- 
ing simplicity, low ctmt per flight, rouseability , ami high reliability. The 
development of tho recovery subsystem was unitiue in teat the subsystem's 
impact on tho SRH structural design (i.e. , loads) had to bo dotorminu{l 
before any final detailed design or testing of tho recovery system. Also, 
because of NASA budget out backs, the actual building and testing of tho 
recovery system were delayed, ami the development was eompressod since 
tho delivery dates were hold tho same. In addition, against the advice 
of oil the known parachute "experts," the air drop test program was 
limited first to 13 air drops and finally cut to six because of budgetary 
constraints. 

In spite of those tight constraints, tho program pi*ogrcssed through 
dosign, development, fabrication, and delivery of flight hardware with a 
minimum of problems. This was achieved because of a great deal of per- 
sonnel attention from a small in house team and, tC' no small extent, 
because of the dedicated efforts of a competent and dedicated contractor. 
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Tho Spnoa ShutUo 3oUd Rookot Uno^tor Rocav^ry HubHyRt^m htn 
uumplQt«)d All raqulrQd tQAtinff nnd 1 h aortlfUul flt($ht worthy for tho firot 
Hhuttle flight i Tho flight oomponontn for STS l nro now "on horrU" Iho 
flrot iounoh vohlclo, unU all flight hnrclwnro for STS -1 through MTS’^ fl 
has arrived at Konnody Spaoo Cantor on or ahead of aohodulo ai\d awal^ 
assomhly on thalr raspoatlvu Immoh vahlalos. 
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Figure 6. B52 drop aircraft with drop test vehicle 
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